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Methanol is considered as one of the potential materials for fossil-based fuel since its available 
applications in the fields of fuel and chemical materials. China has become the biggest methanol 
production country since 2006, so analyzing the consumption, production and transportation of 
methanol in China has great importance. In the present paper, the flow chart of methanol from 
production to consumption in China has been systematically described. Chinese industry and statistics 
data are introduced to analyze and discuss the total and segmental methanol amount in both production 


Keywords: and consumption. In China, most of the methanol is primarily consumed in the synthesis of 
Methanol formaldehyde, alternative fuels, and acetic acid synthesis with the corresponding percentage of 35%, 
sae 33%, and 8%. Synthesis approaches from methanol to these downstream products are analyzed and the 
Consumption variation tendencies of the demand on these downstream products are predicted. In 2011, about 
Transportation 22.27 million t methanol was generated on-site, in which, 63.7%, 23.0% and 11.3% are produced by coal, 
China natural gas and coke-oven gas respectively. Energy flows of each synthesis process based on these 
feedstocks are given and the energy efficiency are calculated and compared. As for the transportation, 
approximately 82.6% of methanol is relied on overland freight, 9% by marine and the rest 8.4% by train. 
Crown Copyright © 2013 Published by Elsevier Ltd. All rights reserved. 
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1. Introduction 


The modern era is in urgent need of alternative energies for its 
sustainable development under the serious threatening of fossil-based 
materials’ depletion [1-5]. Nuclear energy, wind energy, solar energy, 
hydro-energy, bio-energy, hydrogen energy, and the transformed 
electrical energy are considered promising alternative energies in 
the future, but the fossil-based materials will not completely quit 
the stage of history since they are the utmost important raw materials 
in various chemical industries. As well-known, methanol is a promis- 
ing alternative fuel especially for transportation field [6,7]. Meanwhile, 
it is an utmost important raw materials in chemical industries. 
Therefore, making investigations on the production and application 
of methanol have attracted more and more scientists since its available 
applications in the fields of fuel and chemical materials, and making 
plans and projects on the production and application of methanol 
have attracted more and more authorities|8-10]. 

In China, the methanol energy industry is established at the 
medium-20 century, and the production capacity on methanol is 
increasing in a vibrating tendency and has been increased by 
approximately 16 times during the past 16 years (from 1995 to 
2011) (as shown in Fig. 1) [11]. Over the same period, the mean 
increase extent on the production capacity of methanol through- 
out the whole world is just triple. Fig. 2 shows the corresponding 
production capacity increment in China and the world. From the 
beginning of 2002, China's methanol industry strode into a fast 
development period and the annual increment outclass the world- 
wide level from then on. Thus, the development of China’s 
methanol energy industry can be considered as a typical example 
in both production capacity scale and production capacity incre- 
ment. Due to its fast increment, China’s sharing ratio on the annual 
production capacity of methanol is continuously enlarged. Since 
the year 2006 at which China firstly becomes the biggest produc- 
tion country with 13.95 milliont per year, the sharing ratio is 
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Fig. 1. Comparison of production capacity on methanol between China and the 
global. 


on methanol(%) 
À 
> 


Production capacity increment 


os ob 9 > a> > SOSEO 
FF GF GPW > HF GG GW GW vv 


E China W Global 


Fig. 2. Comparison of production capacity increment on methanol between China 
and the global. 


consistently increasing. At 2010, it is even beyond half the global 
total production capacity. 

Although China has its own large production capacity, 10% of 
the methanol consumed in China is imported. The import volume 
of methanol increased 14.2% annually, from 1.52 million t (year 
2001) to 5.73 million t (year 2011) [11]. A dozen of countries 
benefit from this and export their methanol to China, such as 
Saudi Arabia, Malaysia, Qatar, Bahrain, Indonesia, New Zealand, 
India and Brunei [11]. 

Thereby, China's methanol industry is too big to ignore, 
reviewing and analyzing the flow chart (through production to 
consumption) of methanol in China can not only provide further 
information on the understanding of China's present and future 
methanol industry, but also provide significant information to the 
main methanol exporters. The flow chart reported in the present 
paper can give some valuable suggestions to the countries those 
will to and/or begin to establish their national methanol industry 
based on China's experiences. 


2. Flow chart of methanol in consumption 


In China, most of the methanol produced from fossil fuels and 
coke-oven gas is consumed primarily in the manufacturing of 
formaldehyde, alternative fuels, and acetic acid synthesis, which are 
utmost important materials for the development of modern con- 
struction industry, modern transportation industry, and modern 
chemical industry. Since the end of 1970s, the development of 
China's modernization was accelerated, this resulted in a skyrocket- 
ing demand of methanol. During the past three decades, the annual 
methanol consumption has increased by 71 times from 0.33 million t 
at 1983 to 23.84 million t at 2011 [12]. It can be unambiguously 
predicated that the annual methanol consumption in China will 
continuously increases in a long-term for the further developments 
of modernization. 


2.1. Methanol consumption in formaldehyde synthesis 


Formaldehyde synthesis is the major aspect to the methanol 
consumption for China, and occupies approximately 35% of the 
annual total methanol consumption, as shown in Fig. 3. Nowadays, 
China's industrial formaldehyde production from methanol is mainly 
based upon three approaches: (i) Dehydrogenation of Methanol 
(DoM) approach; (ii) Oxidation of Methanol (OoM) approach; and 
(iii) Oxidative Dehydrogenation of Methanol (ODoM) approach. 
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Fig. 3. Sharing ratio of each aspect on the consumption of methanol in China. 


Table 1 
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Reaction pathway of methanol to formaldehyde on three approaches. 
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Approaches Equation Temperature (K) Transition efficiency (%) Selectivity (%) 
DoM approach CH30H > CH20 +H2 670-970 45-70 75-86 
OoM approach CH30H+ 1/202 >CH20+H20 540-623 99 91-94 
ODoM approach CH30H>CH20+H2 520-620 >90 85-95 
CH30H+ 1/202 > CH20+H20 
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Fig. 4. Sharing ratio of each aspect on the consumption of formaldehyde in China. 


Among the three approaches, DoM approach is the only 
approach to the production of anhydrous formaldehyde. In addi- 
tion, DoM approach can high-fidelity control the detailed reactant 
steps by adopting and adjust the catalyst since it can employs 
various kinds of catalysts (such as metal catalyst [13-15], metal 
oxide catalyst [16-18], carbonate catalyst [19-21], Molecular sieve 
catalyst [22-24], etc.). However, this approach has not been widely 
applied, especially in bulk, due to the complex control strategies. 
Albeit OoM and ODoM approaches can hardly produce anhydrous 
formaldehyde, and they are the two commonly employed 
approaches in the practical production of formaldehyde (at least 
in China) due to the higher transition efficiency, the higher purity 
of produced formaldehyde, and the simpler the reactant steps, as 
listed in Table 1 [25]. The main difference between the later two 
approaches is the equivalence ratio of the methanol-air mixtures 
they employed. OoM approach employs lean mixtures (in which 
the volume fraction of methanol is less than 6.7%, namely under 
the low band of the explosion limit) as the reactants, while ODOM 
approach employs rich methanol-air mixtures (in which the 
volume fraction of methanol is larger than 36.5%, namely above 
the upper band of the explosion limit) as the reactants. 

Fig. 4 shows the sharing ratios of each aspect on the consump- 
tion of formaldehyde in China. As can be seen, the produced 
formaldehyde is mainly employed to the manufacturing of three 
aldehyde resin, polyalcohol, methylal, paraformaldehyde, urotro- 
pine, medicine, pesticide, polyformaldehyde, diphenylmethane 
diisocyanate [26-28], etc. 

As the deeply development of China's modernization, the 
demand on formaldehyde, which is one utmost important materi- 
als in the construction, is rapidly increased. At the year of 2011 
(beginning of the 12th-Five Years), the annual demand of formal- 
dehyde had reached 18.48 milliont, which is approximately 
2.4 times to the amount at 2005 (beginning of the 10th-Five 
Years) [12]. According to the variation tendency of annual demand, 
it can be predicated that the annual demand at 2015 will reach 
24.50-28.50 million t which is approximately 1.2-1.5 times to the 
amount at 2011, as shown in Fig. 5. If all the produced formalde- 
hyde is obtained by OoM and/or ODoM approach, 8.56-9.45 mil- 
liont methanol will be consumed at 2011 and 13.26- 
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Fig. 5. Variation tendency of the annual demand on formaldehyde. 


14.65 million t will be consumed at 2015(considering the concen- 
tration of formaldehyde production is 40% by mass). If all the 
produced formaldehyde is obtained by DoM approach, 17.46- 
22.28 million t methanol will be consumed in 2015. 


2.2. Methanol consumption relevant to vehicle fuels 


China's vehicle industry rapidly develops in the past 20 
decades, the vehicle population is skyrocketing increased, and 
the demands on vehicle fuels are correspondingly increased. In 
China, most commercial vehicles are still employ gasoline as the 
fuel, and Methyl Tertiary Butyl Ether (MTBE, a main production 
derived from methanol) is one utmost important additive for the 
gasoline [29]. Thereby, it can be predicated that, the demanding of 
MTBE as the additive for gasoline fuel will be increased. Further- 
more, the research and the development of alternative fuels fueled 
vehicles have become hot topics in China's vehicle industry, so 
more and more vehicles will employ alternative fuels instead of 
gasoline in the future. The demanding on methanol will not be 
reduced since both the methanol itself and Dimethyl Ether (DME, 
another main production derived from methanol) are promising 
alternative fuels. 


2.2.1. Methanol consumption in MTBE synthesis 

Methyl Tertiary Butyl Ether (MTBE), a volatile, flammable, and 
colorless liquid, is a gasoline additive which can be employed as an 
oxygenate to raise the octane number. Adding MTBE is an ordinary 
and profitable approach to improving the quality of the catalytic 
cracking gasoline which occupies approximately 40% of the total 
gasoline in China, and thus the demands on MTBE is great in China 
due to the increasing consumption on gasoline [30,31]. Fig. 6 
shows the formulation of #93 gasoline in Yangtze River Delta and 
Bohai Rim in China. As can be seen, in the formulation of #93 
gasoline, the mass fraction of #90 gasoline is 40-50%, while the 
mass fraction of MTBE is 8-10% [32]. In addition, the commercial 
price of #90 gasoline is approximately 1450 US dollar per ton, 


544 L.-W. Su et al. / Renewable and Sustainable Energy Reviews 28 (2013) 541-550 


while the commercial price of MTBE is approximately 1350 US 
dollar per ton. Thereby, properly increasing the mass fraction of 
MTBE in the formulation of #93 gasoline can noticeably decreasing 
the cost of #93 gasoline associated with the enhancement on the 
general quality. 

In China, the production of MTBE is mainly based on the 
etherification of methanol and isobutene along with catalyst (such 
as mineral acid [33,34], cation exchange resin [35,36], molecular 
sieve based catalysts [37,38]). The etherification reaction can be 
accurately controlled based upon the Markovnikoff's Rule to 
produce Methyl Tertiary Butyl Ether rather than Methyl Isobutyl 
Ether. The transition efficiency can reach to 75-90%, and the 
accurate efficiency can be adjusted by employing different kinds 
of catalyst and/or controlling the reaction temperature [39]. 

As an essential material of the commercial gasoline, the annual 
demand of MTBE is increased with the increase in gasoline fuel. 


Fig. 6. (a) Formulation of commercial gasoline (#93) in China: in Yangtze River 
Delta. (b) Formulation of commercial gasoline (#93) in China: in Bohai Rim. 


During the last decade, China's annual demand on MTBE is 
correspondingly increased by triple times (from 1.16 million t at 
2003 to 3.56 million t at 2011) accompanied with the increase of 
vehicle population. As can be seen in Fig. 7 [12], until the end of 
11th-Five Years (the year of 2010), the rise in annual demand on 
MTBE is relative stable in approximately a linear tendency. How- 
ever, from the year of 2010, the annual demand on MTBE is steeply 
increased in a huge step, which is mainly attributed to the increase 
of blending proportion to the gasoline. Based upon the current rise 
tendency, it can be predicted that the annual demand on MTBE at 
the end of 12th-Five Years (namely, the year of 2015) will reach 
3.90-5.80 million t with an average annual growth rate of 2-12%. 
According to the current transition efficiency of methanol to 
MTBE, the annual demand of methanol will reach 1.62-2.88 mil- 
lion t. Albeit the fraction of MTBE within gasoline will be con- 
tinuously reduced due to the appeals on environmental protection, 
the annual demand on MTBE won't be significantly reduced due to 
the present huge cardinal number of gasoline. 


2.2.2. Methanol consumption in DME synthesis 

Dimethyl Ether (DME), the simplest ether, is widely considered 
as one promising alternative fuel in diesel engines, spark-ignited 
engines (30% DME with 70% LPG), and gas turbines owing to its 
high hexadecane number (approximately 105-138% of that of 
diesel). A diesel engine fueled with DME can obtain higher thermal 
efficiency (at least 2-3%) associated with lower nitrogen oxides 
(approximately 30%), lower carbon monoxide (approximately 
40%), lower unburned hydrocarbon (approximately 50%), and 
soot-free. Thus DME as the alternative fuel in diesel engines is 
widely employed in many countries to meet the stringent emis- 
sion regulations (such as EURO 5, US 2010, 2009 Japan, etc.). 
Besides that, DME is also widely employed as civil LPG alternatives 
due to the safer in storage-to-transportation process and the 
higher in combustion efficiency. In China, DME is primarily 
produced by the dehydration of methanol in the presence of a 
different catalyst (such as silica-alumina) with a higher transition 
efficiency (up to 86%) [40]. 

China's annual demand on DME is increased with the devel- 
opment of alternative fueled vehicle as well and the populariza- 
tion of civil LPG. As shown in Fig. 8, the annual consumption of 
DME is stably increased (with a mean annual growth rate of 30%) 
during the periods of 11th-Five Years [12], and is steeply increased 
(the annual growth rate is approximately 40%) at the beginning of 
12th-Five Years due to the national policies on the application of 
DME in vehicle and civil LPG. It can be predicted that, the annual 
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Fig. 7. Variation tendency of the annual demand on MTBE. 
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Fig. 8. Variation tendency of the annual demand on DME. 


demand on DME will continuously increase with the further 
development of DME fueled vehicles and the promotion of civil 
DME. Based upon the current rise rate, the annual demand of DME 
will reach 4.20-6.10 million t at the end of 12th-Five Years, which 
will consume 6.40-9.20 million t methanol. 


2.2.3. Methanol consumption as an alternative fuel 

Besides employed to produce MTBE and DME, methanol can be 
directly employed on a limited basis to fuel internal combustion 
engines. Due to its preeminent advantages in high octane number 
and high oxygen content, a vehicle fueled with methanol can 
afford higher compression ratio, obtain higher thermal efficiency, 
and emit lower emissions|41-43], thereby pure methanol has 
been required by rule to be employed in various heavy-duty cars 
and trucks since the late 1940s. Albeit the value of methanol's 
lower calorie value only approximately half of gasoline/diesel 
(19.678 MJ/kg for methanol and 40 MJ/kg for gasoline/diesel), 
The brake specific methanol consumption just increase 50% con- 
sumption compared with gasoline and/or diesel owing to the 
higher thermal efficiency. 

In China, methanol fuels employed in practical applications are 
mainly three modes: M100 (pure methanol), M85 (the mass 
fraction of methanol is 85%), and M15 (the mass fraction of 
methanol is 85%) [44]. Employing M100 as spark-ignited engine 
fuel can significantly improve the thermal efficiency due to the 
higher compression ratio (up to 19.5), but M100 hardly can be 
promoted in bulks due to its fierce toxic property. Compared with 
M100, taking M85 as the fuel can noticeably reduce the general 
level of the toxicity associated with the similar engine's perfor- 
mances and the employing of corrosion-resistant materials for 
critical parts of the pipeline system is needed. Compared with the 
above two, M15 has the lowest general level of the toxicity, but the 
vehicle dynamic performances can be slightly improved due to 
higher compression ratio and the changes for the injection and 
combustion system are unnecessary. 

At the beginning of 2011, Ministry of Industry and Information 
Technology of the People's Republic of China starts the Program 
(2011-2013) on the Application of M85 and M100 in spark-ignited 
engines, and takes Shanghai City, Shaanxi Province and Shanxi 
Province as the pilots. Under the Program, the annual consump- 
tion on methanol as vehicle fuel in 2011 is approximately 
2.30 million t, which saves approximately 1.05-1.24 million t gaso- 
line. It can be confirmed that, the annual demand on methanol as 
vehicle fuel will continuously increases under the further devel- 
opment of alternative fuels fueled vehicles in China. 


2.3. Methanol consumption in acetic acid synthesis 


Acetic acid, a colorless liquid, is the main component of vinegar 
[45] (apart from water, vinegar is roughly 8% acetic acid by 
volume), and has a distinctive sour taste and pungent smell. 
Besides the production of vinegar, acetic acid is mainly employed 
as an utmost important raw material in chemical industries, such 
in the synthesis of vinyl acetate, acetate, and ethyl chloroacetate, 
etc. [46]. 

The acetic acid can be obtained from methanol by two 
approaches: (i) carbonylation of methanol at higher pressure 
(CoMH); (ii) carbonylation of methanol at lower pressure (CoML). 
By the CoMH approach, acetic acid is produced via carbonylation 
of methanol and carbon monoxide in the aqueous acetic acid 
solution under a higher pressure (up to 70 MPa) and higher 
temperature (500-530 K), and cobaltcarbonyl is employed as the 
catalyst and iodomethane is employed as promoter. By the CoML 
approach, acetic acid is also synthesized by carbonylation of 
methanol and carbon monoxide, however the recanting pressure 
is just about 3 MPa due to the different catalyst, rhodium triiodide 
[47,48]. Table 2 shows the comparison on the feedstock consump- 
tion and energy consumption in both approaches. As can be seen, 
adopting the CoML approach can not only significantly save both 
the consumption of methanol and carbon monoxide, but also save 
the energy consumption during the production process. Therefore, 
the CoML approach is mainly employed in the modern chemical 
industries. 

In China, the consumption of acetic acid fast increases with 
the rapid development of fiber, coating, adhesive industry, and the 
annual consumption have been increased by 22.1% during the 11th- 
Five Years (namely, 2005-2010) as shown in Fig. 9. In the recent two 
years, the increase of China's real estate industry has slowdown duo 
to the transaction limit from the government, so the growth rate of 
the acetic acid demand declined to 18.9% with the decreasing acetic 
acid coating and adhesive consumption [12]. It can be predicted that 


Table 2 
The consumption for producing per ton acetic acid. 


Items CoMH approach CoML approach 
Methanol (t) 0.61 0.56 

Carbon monoxide (t) 0.78 0.54 

Water consumption (t) 1.85 1.56 

Vapor consumption (t) 2.75 2.20 

Power consumption (kW h) 350 29 
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Fig. 9. Variation tendency of the annual demand on acetic acid. 
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in the next five years, the increase tendency will not change too 
much and Chinese annual demand of acetic acid will reach 9.00- 
11.50 million t by the year 2015. The methanol consumption will be 
5.49-7.02 million t by the CoMH approach and 5.04-6.44 million t by 
the CoML approach accordingly. 


3. Flow chart of methanol in production 


Nowadays, methanol is mainly produced based on the catalytic 
hydrogenation of carbon monoxide and carbon dioxide [49-51], 
and the classical progress includes the preparation of syngas, the 
purification of syngas, the synthesis of methanol, the rectification 
of crude methanol. Moreover, there are other alternative emerging 
approaches, such as carbonization of wood [52,53], pyrolysis of 
biomass [54-56], extracting of oil [57], oxidation of methane [58], 
ammonia-oxidizing bacteria [59] and so on. However, most of 
them are still employed in medium- and even small-scales due to 
low covert efficiency, immature technologies, worse environmen- 
tal affects, and other weaknesses at current stage [52-59]. 

Considering the purity and production process, natural gas 
oxidation is commonly regarded as the utmost promising 
approach to the batch production on methanol syngas and has 
been excessively employed in many countries (such as Chile, 
Canada, Iran, Saudi Arabia, etc.) [9,10]. Although some scholars 
believe biomass-based approach will be the utmost promising 
approach to methanol in the future [60], most countries still take 
coal, natural gas and coke-oven gas as the major sources in the 
current and a medium-long term even a long-term. 


3.1. Methanol produced from coal 


Methanol syngas production from coal is mainly based on the 
intermittent gasification process in the fixed-bed [61,62]. The 
primary syngas from the fixed-bed has a lower ratio of hydrogen 
to carbon, which hardly be employed to produce methanol. Thus, 
prior to the synthesis process, it should be made excessive carbon 
monoxide and water transformed to sufficient hydrogen gas for 
increasing the ratio of hydrogen to carbon to an ideal level. 

Since coal is rich in carbon, hydrogen, oxygen, nitrogen, sulfur 
and other inorganic substance, the purity of the coal-based 
methanol syngas is related lower; meanwhile, the purification 
process is much complicated due to the various by-products. 
However, the coal-based syngas can employ various gasifying 
agents, such as oxygen gas, water vapor, hydrogen gas, and others 
[63]; thus, the production of methanol based upon coal has been 
favored in the past decades, especially for the low-purity methanol 
demands. 

Fig. 10 shows the energy flow in the process of coal-based 
methanol synthesis [61,62]. As for the primary, stuff, the con- 
sumption amount of coal for producing per ton methanol is about 
1.5 t with 51 GJ energy carried. The energy contained in other 
feedstocks is 0.120 GJ for fresh water, 0.370 GJ for desalted water 
and 0.075 GJ for fresh air respectively. Electric energy flow in the 
whole process is 8.761 GJ, and the abandon gas generated with 
methanol is 400 m? with 3.808 GJ energy carried. Considering the 
low calorific value of methanol is 19.93 GJ/t and the high calorific 
value is 22.70 GJ/t, the energy efficiency of coal-based methanol 
synthesis is among the range of 35.3-40.1%. 

According to the production approach to methanol, it can be 
found that hydrogen gas and carbon monoxide are the main 
compounds of the syngas. Actually, hydrogen gas and carbon 
monoxide are by-products during the production of ammonia 
{64], thus the co-production of ammonia and methanol (mainly 
synthesized by hydrogen gas and carbon monoxide) has been 
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Fig. 10. Energy flow in the process of coal-based methanol synthesis. 


considered, researched, and employed by China in the past 
decades. 

The methanol synthesis adopting by-products (mainly hydro- 
gen gas and carbon monoxide) during the production of ammonia 
is realized by the introducing of copper-based catalysts, at pres- 
sure 5-15 MPa. The by-products (hydrogen gas and carbon mon- 
oxide) can be fully used with no waste in the process of methanol 
synthesis. As calculated, the methanol yield is about 150 kg/t 
ammonia in the co-production process [65]. In China, the recent 
production of ammonia is mainly depended upon coal, thus taking 
coal as the feedstock to the co-production of ammonia/methanol is 
the utmost promising solution. The annual production of metha- 
nol by co-production approach is about 3.86 million t in the year of 
2006, and is about 8.78 million t in the year of 2011 with an annual 
average growing rate of approximately 17.8%. In fact, the coal- 
based methanol is the main source of China's commercial metha- 
nol (as shown in Fig. 11), the sharing ratio of the annual total 
production has been increased 4.3 folders in the past five years 
from 40.2% at 2006 to 63.7% at 2011 [66]. 

Compared to other possible and potential feedstock, the 
reserve of coal is sufficient in China. According to British Petro- 
leum statistical report, China's proven coal reserve is 114,500 mil- 
lion t at the end of 2011, approximately 13.3% of the total world; 
and the annual production amount continuously increases to 
2569 million t with an average annual growth rate of 9.7%. Thus, 
adopting coal as the feedstock will be an utmost important 
approach to commercial methanol in a long-term for China. 
Besides that, the cheap coal price still make the coal-based 
methanol has a competitive price. When the coal price is 96.6 
US dollar per ton, the produce cost for per ton methanol is about 
320.3 US dollar. 


3.2. Methanol produced from natural gas 


The methanol syngas derived from natural gas is mainly based 
on steam-reforming and/or oxidation of methane [67,68]. In China, 
the preparation of syngas is mainly realized by two steps. Firstly, 
about a quarter of methane has been transformed to carbon 
monoxide or carbon dioxide via steam-reforming. Then, for the 
remaining three-quarter methane, the produced carbon monoxide 
or carbon dioxide, and hydrogen have been partially oxidized in 
binary furnace to efficiently produce syngas. After that the 
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Fig. 11. Sharing ratio of each aspect on the production of methanol in China. 


prepared syngas would be transformed to methanol ultimately 
after a serious of process, and the detailed process can be found in 
Ref. [69]. 

Natural gas-based approaches have preeminent advantages in 
high-purity and simply process. Natural gas, a kind of compound 
matters including 80-90% methane and other alkane, can be easily 
transformed to carbon monoxide, carbon dioxide and hydrogen 
with few impurities, so the synthesis process to methane based 
upon natural gas is the sufficiently simpler than that based upon 
coal. Furthermore, different to the huge amount of water 
demanded by coal-based methanol, the synthesis of natural gas- 
based methanol just employ limited amount of water. 

Fig. 12 shows the energy flow in the process of natural gas- 
based methanol synthesis [69]. The 6.512 GJ energy from electri- 
city powered the whole process. Energy contained in the main 
feedstock-natural gas is 33.734 GJ, contained in the other feed- 
stock (desalted water, fresh air and fresh water) is 0.189 GJ totally. 
1.904 GJ energy is taken away by the abandon gas. So the energy 
efficiency of natural gas-based methanol synthesis is among the 
range of 51.7-58.9%. 

In China, the natural gas industry has skyrocketed in the past 
decades, and the application of natural gas in the production of 
methanol has been correspondingly increased. In the year of 2011, 
the annual production amount of natural gas-based methanol 
increased to 5.12 million t, approximately 23.0% of the annual total 
production. However, the tendency on sharing ratio of total 
methanol production seems to be stopped even reversed in a 
predicated term due to the depleting natural gas reserve and the 
enlarging natural gas consumption. According to the statistic 
overview reported by British Petroleum, China's proven natural 
gas reserve is just 3.1 trillion N m°, and the ratio of reserve to 
production is just 29.8 years [70]. In fact, the demand of natural 
gas in China has increased straightly with the economic develop- 
ment and it is mainly consumed for ammonia chemical fertilizer 
and civil LPG, so there is little allowable natural gas to be applied 
for the production of methanol. 

Based on the above discussions, it can be easily concluded that 
reducing and limiting scale of natural gas-based approaches on 
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Fig. 12. Energy flow in the process of natural gas-based methanol synthesis. 


methanol production is an inevitable tendency for China, and the 
sharing ratio of natural gas-based methanol must be correspond- 
ing reduced. 

Nevertheless, the natural gas-based approaches won't be com- 
pletely abandoned in China. The gas-based methanol is widely 
used in some fields as pharmacy and vehicle fuel. Furthermore, 
China's unbalance energy structure makes some local regions and/ 
or provinces (such as Qinghai, Sichuan) owned rich natural gas 
reserve but few other available energy sources; and the natural 
gas-based methanol can provide necessary energy demand in 
certain levels. And the related technologies about the natural 
gas-based approaches (especially the technologies on the 
enhancement of transition efficiency) will be further developed 
for the sustainable development. 


3.3. Methanol produced from coke-oven gas 


Coke-oven gas is a by-product during the process of coking. 
Since it is mainly composed of hydrogen (55-69%) and methane 
(23-27%), it can be employed to produce methanol after simple 
processing [71]. 

The key steps of the coke-oven gas-based production process 
are the transformation and desulfuration of syngas, the following 
process including compressing and synthetizing is similar with the 
natural gas-based approaches [72]. As well known, the ingredient 
of coking differs greatly due to the different kinds of source-coal; 
and the raw coke-oven gas has a neglected content of sulfur which 
can cause poisoning of the catalyst, so the pretreatment process is 
indispensable and relatively complex. It includes the process of 
cooling/condensation (at 295-298 K), compression ( at 25 kPa), tar 
gathering and removing (tar concentration less than 0.05 g/m?), 
desulfuration (concentration of sulfur dioxide with the range of 
0.02-0.3 g/m*), deamination, debenzolization (benzene concen- 
tration with the range of 0.2-0.4%) and naphthalene removing 
(naphthalene concentration less than 0.05 g/m?) [73]. 

The methanol synthetizing based coke-oven gas can be accom- 
plished in two different approaches: (i) non-catalytic partial 
oxidation (NCPO); (ii) catalytic partial oxidation (CPO). In NCPO 
approach, the catalytic can be omitted and the pretreatment 
process of syngas can be simpler. In CPO approach, the coke- 
oven gas and oxygen consumption are lower than that of non- 
catalytic partial oxidation approach and there is no production of 
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Fig. 13. Energy flow in the process of coke-oven gas-based methanol synthesis. 


soot in the process. Totally, the cost of catalytic partial oxidation 
for per ton of methanol is 80-87% of that of non-catalytic 
approach. 

Fig. 13 shows the energy flow in the process of coke-oven gas- 
based methanol synthesis [74]. The consumption amount for produ- 
cing per ton methanol is about 2000 N m° with 33.492 GJ energy 
carried. Correspondingly, for providing oxygen to oxide the carbon 
monoxide and carbon dioxide transformed from coke-oven gas, it 
needs 20 N m? fresh air, with 0.019 GJ energy carried. The energy 
contained in the desalted water is about 0.036 GJ while 0.098 GJ in 
the fresh water, and the electric energy expended in the whole 
process is 7.341 GJ. Barring the abandon gas energy of 2.0 GJ, the 
energy efficiency of coke-oven gas-based methanol synthesis is 
among the range of 51.1-58.2%. Above all, the energy efficiencies of 
coke-oven gas-based and natural gas-based methanol synthesis are 
almost the same, the energy efficiency of coal-based methanol 
synthesis is lower. 

Nowadays, the synthesizing technology has developed very fast 
in China, and it has contributed more than 10% of the national 
methanol production capacity (as shown in Fig. 11). In 2011, the 
coke yield was about 300 million t, it can bring 129 billion N m? of 
coke-oven gas (considering the convert efficiency: 430 N m? coke- 
oven gas vs. 1 t coke) [75]. Among this, about 90 billion N m? can 
be recycled used for heating on the product line and synthesizing 
other chemical productions, but there still 30 billion N m? left 
obsoleted which can be employed to the production of methanol. 


4. Transportation of methanol in China 


In China, most of provinces and cities (besides Beijing, Tibet, 
Hong Kong, Macao and Taiwan) can produce methanol, but the 
consumption of methanol is always not on-site. The issue is mainly 
attributed to the difference in the base of industrial development 
and the mode of economic development. 

For resolving the issue, making the improvement of the 
productivity concentration and the optimization of the industrial 
layout are utmost important, but the improvement and the 
optimization will not be accomplished overnight. Therefore, mak- 
ing transportation of methanol is the utmost effective solution to 
the unbalance between the on-site production and the not-on-site 
consumption in most China's provinces. 
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Fig. 14. (a) Sharing ratio of regions on the production and consumption of 
methanol in China: production regions. (b) Sharing ratio of regions on the 
production and consumption of methanol in China: consumption regions. 


Fig. 14 illustrates the Sharing ratio of regions on the production 
and consumption of methanol in China. As shown, 38% of the 
China's methanol is produced in Northwest, but only 4% is 
consumed on-site. Correspondingly, in East China, the methanol 
production occupies 8% of the gross but the consumption scale 
here is 44% [76], which means large amount of methanol need to 
be transported across China. In the current China, approximately 
82.6% of methanol is relied on overland freight, 9% by marine in 
which most is imported, and the rest 8.4% by train. For the 
transportation overland freight, there exists several issues, such 
as expensive cost, high insecure, etc. Thus it should change the 
traditional transportation project for improving the efficiently 
transport capacity between the methanol production and con- 
sumption regions 


5. Conclusion and discussion 


Since the Industrial Revolution, fossil-based materials, such as 
coal, petroleum, natural gas are widely employed in the fields of 
energy industries and chemical industries as the energy source 
and the raw materials. As the demands on energy increasing, the 
traditional primary fossil-based fuels have to be prepared for being 
replaced by those utmost promising alternative energies, such as 
nuclear energy, wind energy, solar energy, hydro energy and the 
transformed electrical energy. However, those promising energies 
hardly be employed to replace the fossil-based materials as the 
raw materials in the chemical industries. Compared to the tradi- 
tional primary fossil-based fuels and those promising alternative 
energies, methanol is an utmost important alternative energy and 
materials for both the energy industries and the chemical 
industries. 
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Fig. 15 shows the total flow chart of methanol in China. Most of 
the methanol was consumed in traditional fields, such as the 
formaldehyde synthesis, MTBE synthesis and acetic acid synthesis. 
However, the burgeoning fields such as alternative fuel (methanol 
fuel and DME synthesis) should not be ignored since about 33% of 
methanol in China consumed by the alternative fuel vehicles, the 
increase of China's alternative fuel vehicles industry will become a 
stable promotion that enhance methanol consumption in the 
future. 

The feedstock type of methanol synthesis in China was unitary 
and nearly all of the methanol was produced from coal, natural gas 
and coke-oven gas. Due to the “deficient oil, lean gas, rich coal” 
energy structure in China, the feedstock type for methanol synth- 
esis should be extended to novel materials which associated with 
lower cost and proper characteristics, such as coalbed methane, 
shale gas, etc. [77,78]. Besides that, the production of methanol 
derived from the synthesis of CO2 and H2 can be considered as an 
effective solution to the Greenhouse issues [79,80]. 

Although methanol economy is hot in China, the investment of 
methanol needs carefully planning, especially for west of China, 
where has abundant coal and natural gas but is far from the main 
methanol consumption region. The construction of supporting 
facilities (such as railway and highway) should keep pace with 
the building of methanol factory in order to ensure a smooth and 
efficient flow of methanol across China. 
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